1.
Introduction:
Ireland underwent a period of rapid economic expansion between 1995 and 2007, followed by an unprecedented economic crash in 2008. As Ireland now emerges from that period of recession, the impacts on deprivation and social exclusion need to be assessed. In this paper, the relationship between transport disadvantage, deprivation and employment accessibility in Dublin are examined.
The paper describes patterns of transport disadvantage in Dublin City by examining the spatial distribution of accessibility to employment and deprivation in the city. An accessibility model is used to generate accessibility scores at the electoral district level. The research then uses the All-Ireland Deprivation Index (Haase and Pratschke, 2011) to compare levels of deprivation and access to employment across Dublin electoral districts. Following on from this, districts in Dublin are categorized by accessibility and deprivation levels and a multinomial logit model is estimated using data from the 2011 Census of Population of Ireland. The model estimates the relationship between the level of accessibility to employment and a number of socio-economic and land use variables including deprivation, car ownership, and public transport accessibility amongst others. The research presented in this paper adds to the growing body of work in the field of transport disadvantage by combining a number of methodologies, namely, accessibility and regression analysis with unique national datasets. Previous studies in this field have used surveys and case studies to examine the issue of transport disadvantage and its relationship with other socio-economic variables (Preston, 2009 ). This paper is one of the first to use national census data to determine these relationships over a large metropolitan area that has just emerged from an economic crisis. Research in this field has also tended to focus on particular social groups, whereas in this paper the focus is on all individuals living in Dublin.
The paper is structured as follows: Section 2 will briefly describe existing studies of transport disadvantage and social exclusion, including the definitions that are being used in this research for both of these terms and gives a context for the study. Section 3 outlines the accessibility model used in the study. Section 4 describes the multinomial logit model, while section 5 gives an overview of results and analysis. Section 6 outlines the conclusions of the paper.
Transport Disadvantage and Social Exclusion
Research into the relationships between accessibility, transport disadvantage and social Delbosc and Currie (2011) has tended to focus on particular groups which are seen as socially disadvantaged (for example lone parents or older people) or on areas that have particular geographical characteristics that make transport more difficult (for example rural areas or urban peripheries).
Lucas (2012) points out that transport disadvantage and transport related social exclusion can be related but are not the same thing. Lucas states that it is possible to have good access to transport, but be socially excluded, and vice versa (Lucas, 2012) . However, if one is both transport and socially disadvantaged this can, according to Lucas, lead to transport poverty and poor accessibility to services and jobs, and to social exclusion. In this paper, we look at areas in Dublin and categorise them according to accessibility and deprivation to assess if those areas which are both transport and socially disadvantaged experience the greatest difficulties in accessing employment.
In their seminal paper, Kenyon et al., (2002) introduce a mobility dimension to social exclusion and provide the definition as the process by which people are prevented from participating in the economic, political and social life of the community due to reduced accessibility to opportunities, including employment (Kenyon et al., 2002) . Access to employment constitutes a key structural factor that influences the (re)production of mobility-related transport disadvantage (Rau and Vega, 2012) . The concept of accessibility, that is, the availability of opportunities for face-to-face social interaction and economic activity, is of particular relevance in this context (Preston and Rajé 2007) . Handy and Niemeier (1997) suggest that the concept of accessibility is determined by a number of elements: the spatial distribution of opportunities at the destination, their magnitude, quality and character, and the characteristics of the transport system in terms of the ease of reaching the destination. Accessibility is thus determined by the patterns of land use and the nature of the transportation system (Handy and Niemeier 1997 Currie et al (2011) also found that in fringe suburbs residents had poor access to social and leisure activities, to a greater extent than that to work activities.
The previous literature in this growing field is very rich and points to some of the global trends emerging in this field. This paper adds to this field in two ways, firstly it examines using census data the relationships between deprivation and accessibility. Secondly, the paper examines Dublin, a city that has just emerged from an economic crisis, and the case study area provides interesting insights into the relationships between transport and inequality.
Accessibility model
There is a wide range of methodologies and approaches to the measurement of accessibility To overcome this limitation, a modified version of the gravity model is used in the paper. Shen (1998) suggests that the traditional gravity-based accessibility measure is only useful when either one of the following conditions is satisfied: (1) the demand for available opportunities is uniformly distributed across space and (2) the available opportunities have no limitation in capacity. As regards to employment opportunities, neither the first nor the second condition holds. Employment is characterised by its non-random spatial distribution and jobs are limited to one worker accessing them, which represents a clear limitation in capacity.
Shen (1998) thus proposes a modified version of the traditional gravity-based accessibility measure to account for both the uneven spatial distribution of jobs and the effect of competition for jobs at each location. The advantage of Shen's (1998) proposal is that it considers not only the number of available employment opportunities at the destination, but also the number of job seekers by occupation type or demand potential. In this paper, the spatial unit of analysis is the electoral district.
Accessibility is computed following Shen's (1998) formulation below:
Equation 1
where:
Ai is the accessibility index for people living in location i (origin);
Ej is the number of employment opportunities in destination j;
Pk is the number of job seekers living in zone k;
Dj is the demand potential. This is used to take into account the fact that the spatial distribution of the demand, which is not uniform;
is the proportion of households at location k that have access to one or more cars; f(ckj) is the impedance function measuring the spatial separation between k and j. The functional form is equal to where exp is the base of the natural logarithms and is the impedance parameter. This parameter is empirically calibrated through simple
regression analysis to maximize the fit between the predictions of the gravity model and the actual observed cost of travel, Tij [1] . Travel times in minutes from zone i to zone j are used as the cost of travel.
For an urban or regional system with N locations, i = 1,2, …, N, j = 1,2, …, N and k =1,2, …,N.
The ESRI's ArcGIS Network Analyst extension was used to generate an origin-destination matrix based on travel times from each origin to each destination in the study area. This is then used for the computation of an index of accessibility to employment for Dublin City. Following Shen's (1998) formulation, the accessibility index took into account the supply and demand of job opportunities at each electoral district, the travel time from each residential location to each employment centre, car availability at the household level and the travel time experienced in the journey to work.
Study Context
The study area is the County Dublin Borough. The study area is shown in Figure 1 . It consists of 4 regional authority areas: Fingal to the north of the county, Dun Laoghaire-Rathdown to the southeast, South County Dublin to the south and Dublin City Council, covering the city centre region.
1 Due to the lack of reliable data on the impedance parameter for job accessibility, this parameter was estimated as the natural log Table 1 shows the population of the region and each local authority and how this has grown between the last 2 census periods from 2006 to 2011 (Source CSO, 2011). As Table 1 demonstrates, population growth in the region has been significant, but it has not been evenly distributed: growth has been particularly high in Fingal, and the peripheral suburbs of this area. Population growth in the city centre has been much lower. Dublin is a city that has undergone considerable change in the past 15 years. The suburbs have grown and there has been increased decentralisation of housing and employment away from the city to the suburbs, . Car ownership is an important variable and is examined in Table 2 . The results show, as one might expect, that those living in the areas with the worst access were more likely to own a car, or multiple cars. Public transport access is also examined in Table 2 and it shows, again as one would expect, that those who are living in areas with poor access have less access to public transport. These results, while intuitive, provide some context to the subsequent sections.
These findings suggest areas with poor access have lower levels of public transport availability and higher levels of car ownership. Having identified this, the next step is to determine if these areas with poor access are also the areas with higher levels of deprivation. The first set of variables relates to deprivation. This measure of deprivation uses a number of 
Multinomial Logit Model
The accessibility quartile as defined above was used as the dependent variable in the model.
The independent variables, presented in Table 3 , range from variables that look specifically at household structure to variables that look at access to public transport and deprivation. The multinomial logit model takes the following functional form:
where p is the probability that event Y occurs (in the case of this study it is the probability that someone lives in an area with different levels of accessibility). βI is the set of individual specific dependent variables. α is a parameter estimated by the model and e is an error term. 
Results
The results presented in Table 4 present the MNL models run using accessibility as the dependent variable and a series of independent variables, describing the socio-economic characteristics of the population under study and the land use characteristics of the Dublin electoral districts. The model uses the areas with the best access as the reference variable.
The model has a very good Nagelkerke R2 of 0.415, demonstrating the model has a good fit.
The first sets of results show that for socio-economic group (SEG) that those living in the worst and poor access areas were more likely to be in the lower SEGs such as manual, semi-skilled and unskilled workers, although the trend is not very strong. Whereas the opposite is true for those living in areas with good access: that is those living in areas of good access are in the higher SEGs. The results for household composition are mixed across each of the accessibility variables. One interesting variable to note is that single people were more likely to live in areas with good accessibility. As Figure 3 demonstrates, those areas with the best and good accessibility are more likely to be close to the city centre, where houses are smaller and there are more apartments. According to the CSO 2 , 31.5% of housing in Dublin City regional authority is an apartment or flat, compared to 23% for the region as a whole. It may be that housing for families is not available in these areas of good or best accessibility.
In the most part, the results for car ownership are as one would expect. They show that those living in areas with poor accessibility were less likely not to own a car and the opposite was true for those in areas with good accessibility.
The findings for public transport availability show, as one would expect, that those in areas with better accessibility were more likely to have 11 or more bus stops per 1,000 of population. The figures for rail availability are harder to understand: however, this may be due to the limited amount of rail available in Dublin.
The year housing built variable shows that those living in areas of poor accessibility were more The final set of variables examined in Table 4 The relationship between deprivation and accessibility is not, however, a simple one: the model shows that those living in areas of poor and good accessibility are less likely to be living in a deprived area than those with the best accessibility. This may be because some of those areas that are defined as having best accessibility are generally closer to the city centre ( Figure 3) where both work and homes are close to each other and walking and cycling are easy. These city centre areas may be poor, with relatively high levels of unemployment, but access to transport is not a problem: walking, cycling and public transport are readily available and easy to use; while the jobs-housing balance is good. Looking in more detail at Figures 2 and 3, Figure   2 shows that in Dublin City there are areas that are disadvantaged and very disadvantaged scattered through the city, many in the south-west of Dublin City; but that in Figure 3 these are areas with are red or pink: indicating high levels of accessibility.
Conclusion
The paper set out to look at links between deprivation and transport disadvantage in Dublin at a period when Dublin has undergone rapid economic expansion followed by a significant However, it would appear that housing is not being built in Dublin, but instead is being built in the commuter counties of Kildare, Wicklow and Meath -areas not looked at in this paper but which are peripheral to Dublin. If this continues to be the case, these areas are more vulnerable to transport disadvantage and transport poverty in any future downturns.
